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Summary
A new method of cannula protection is described. This allows the use of a shorter connection between the infusion pump and the mobile rat, and the whole apparatus is easily transportable.
Several different methods of maintaining intravenous infusions in rats have been described. The main problem is to protect the cannula from destruction by the rat, and methods used have included sedation of the animal (Saarni & Viikari, 1976) , suspension of cannulae from a swivelling device (Eve & Robinson, 1963) , and protection of cannulae by thin coiled springs leading outside the cage to an infusion pump (Dalton, Touraine, & Wilson, 1969; Jones & Hynd, 1981) . The cannula and tail may also be protected by cable designed for shielding electric wires (Born & Moller, 1974) . These methods have tended to be either complicated or, in order to compensate for twisting of the connection, have had long connections between the infusion pump and the rat, the whole apparatus being cumbersome.
Certain studies of pharmacological modification of rat physiology require rapid analysis of blood samples by complex apparatus which may be situated some distance away from the animal cages. The apparatus described was designed to be easily moved from one laboratory to another, minimizing the delay between venesection and blood analysis. This is particularly important in platelet physiology, where aggregation characteristics may change quickly after venesection, and where rapid-spin aggregometry and wholeblood aggregometry are used.
A second reason for designing this apparatus was to allow a short cannula to be used, connecting a cooled reservoir of prostacyclin (PGh) to the rat undergoing infusion, and minimizing the cannula transit time, and therefore the time spent by PGI2 at warm temperatures before entering the circulation of the rat. PGI2 is unstable at warm temperatures and its stability is improved by reducing the temperature towards O°C, and raising the pH of the solution with glycine. Ideally the PGI2 should be delivered to a central vein.
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Materials and Methods
Male and female PVG rats weighing between 150 and 350 g were used. All experimental animals were obtained from an accredited breeder using a barrier system of production (Medical Research Council, Laboratory Animals Centre, Register of Accredited Breeders and Recognised Suppliers, 1981) . Anaesthesia was induced with fentanylfluanisone (Hypnorm, Crown Chemical Company Ltd, Lamberhurst, Kent) at 0'5 ml/kg by i.m. injection 10 min before surgery. In many of the rats, a heterotopic heart transplant from DA strain donors was allografted to the right side of the neck immediately before the rats were cannulated. In others, cannulation was performed as a separate procedure 5 days after transplantation.
The right femoral vein was exposed in the groin via a short oblique incision, and was mobilized above and below its deep branch using jewellers' forceps. The deep branch was then ligated. A loose ligature of 4 '0' black silk, metric size 1'5, was placed around the proximal end of the exposed vein, and a tight ligature of the same material at the distal end.
A small longitudinal incision was then made over the midpoint of the dorsum of the tail, and an '18' gauge spinal needle, metric size 3,5 (Becton, Dickinson and Company, Rutherford, New Jersey) introduced into this, and passed distally subcutaneously to emerge 2 cm proximal to the tip of the tail; a 0'75 mm external diameter intravenous cannula (Portex Limited, Hythe, Kent, UK) was then passed through the spinal needle to emerge at the midpoint of the tail. The spinal needle was then passed from the groin incision to the midpoint of the tail, and used to guide the cannula to the groin.
A small venous clamp was placed across the proximal end of the femoral vein, and the vein incised just proximal to the distal ligature. The tip of the cannula which had been flushed with a 0'9% NaCl solution was introduced into the vein, the clamp was removed, and the cannula passed gently proximally until 2-3 cm were lying in the inferior vena cava. The proximal ligature was then tied around vein and cannula. Surplus cannula was coiled in the groin, and the skin closed with continuous sutures of 5 '0' steel wire, metric size 1·5 (Ethicon Limited, Edinburgh, UK).
The cannula was now attached to the tip of the tail with a single 4 '0' silk su ture, metric size I· 5, and the cannula flushed and aspirated to ensure satisfactory placement and patency. The tail was then bound from base to tip with one layer of Elastoplast strapping, and an extra cuff of Elastoplast applied around the base of the tail. The Portex cannula was connected to a small injection cap (Becton, Dickinson and Company, Rutherford, New Jersey) and the needle of a flushed 21-gaUge infusion cannula (Vygon, 95440 Ecouen, France) inserted into the bung of the injection cap. Fig. I shows the components used for the cannulation and protection. The Vygon cannula was covered with a rubber tube, and the whole cannula and tail was now covered with a light spiral stainless steel tube designed for shower cables (Damixa Ltd., Woodcock Road Estate, Warminster, Wiltshire, UK), and the rim of this attached to~he Elastoplast cuff at the base of the tail with two stainless steel wire ties (Ethicon Limited, No. 945), passed through holes drilled in the rim. The length of spiral tu be used weighed 57 g.
The other end of the stainless steel tube was passed through a hole in the insulated infusion box, which contained a clockwork syringe driver (Wheathampstead Sales Services Ltd., Victory Works, Letchworth, Herts, UK), a 10-ml syringe containing saline or PGI2 and a plastic box containing ice to cool the infusion box. The ice-box was kept in the deep-freeze before use, and changed every 12 h. The hub of the Vygon cannula was now attached to the infusion syringe and the pump started.
The infusion box, cannula and rat were all contained in a standard RCI cage (North Kent Plastic Cages Ltd., Dartford, Kent, UK) (Figs 2 & 3) . Animals were maintained under a conventional husbandry system, with a controlled environment a Shaw of 21°± 2°C, 50-55% relative humidity and 12-15 air changes per hour.
A fixed formula diet in the form of C.R.M. pellets with a calculated analysis of 17,45% crude protein was provided ad libitum (Labsure Animal Foods, Poole, Dorset, UK). Fresh water was supplied ad libitum in standard 500-ml water bottles.
Results
The cannula transit time within the rat tail in this system was 16 cm/min. When a 0'63-mm external diameter Porte x cannula was used it was 30 cm/min, but the smaller cannula tended to block more easily. The average length of cannula used was 21 cm, so the length of time the PGI2 spent at warm temperatures before entering the rat circulation was less than 2 min. During this time the alkalinity of the solution (pH 9'8) was adequate for maintaining PGh stability. In the Vygon cannula, most of which lay within the cooling box, the transit time was 1'6 cm/min.
Using the method of cooling described, the insulated infusion box was maintained at 3-5°C during infusion periods. Platelet aggregometry studies demonstrated no loss of activity of PGI2 between syringe contents and cannula tip using this apparatus.
The system described has been used in over 50 rats for infusion periods lasting from 1-14 days. There were no problems with cannula damage during infusion, and no occlusions of the cannula by twisting of the connection to the pump. Although the rat was free to move anywhere within the end of the cage, the spiral nature of the stainless steel tube prevented acute angulation of progressive twisting of the cannula. On 3 occasions the intravenous cannula became blocked, and this resulted in the connection between the Vygon cannula and . 
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the injection cap separating. This allowed fluid to leak through the steel spiral, and to be detected at the time of infusion change.
In earlier experiments, 3 '0' catgut, metric 2'5, was used to close the groin wound. After several days 3 of 10 rats bit through this and then through the cannula. In other experiments the hub of the stainless steel spiral was sewn to the Elastoplast cuff around the base of the tail with '0' black silk, metric 3'5, instead of steel wire. This, too, was soon bitten through, allowing access to the tail and opportunity to destroy the cannula. When the stainless-steel spiral was not used, the rats tended to bite into their tails, severing the cannula. When the system described above was used, the cannula integrity was maintained.
The cannula may also be used for obtaining blood samples but, because of its narrow diameter, and the tendency of the wall of the inferior vena cava to occlude the tip, it is not reliable for this purpose, and is not recommended for regular use.
There has been no evidence that this system causes the problems seen with close restraint of rats, such as gastric erosions (Bonfils, Richir, Potet, Liefooghe & Lambling, 1959) or impairment of immune mechanisms. When heterotopic heart transplants were studied (donor DA(RTla) rats, recipient PVG (RTlC) rats), there was no difference between the time of rejection in control rats with no cannulation and no infusion, and those cannulated and infused as above with saline and glycine at 28 ml{day (Table 1) . Fig. 3 . Infusion apparatus enclosed within rat cage. , 7, 7, 7, 7, 7, 7, 7, 8, 8, 8, 8, 9 7'38 infusion Infusion with 6, 7, 8, 8, 8, 8, 8, 8, 8. 7 '67 saline and glycine ± ± 0' 771 P > 0'25 0'71
Discussion
Close confinement of rats can cause prolongation of graft survival by a stress-related adrenal response (Kort, Weijma & Westbroek, 1979) . This was not encountered using the apparatus described. The incidence of fatal pneumonia was 8% and was not increased compared with control rats not infused, and was negligible if prolonged surgery was avoided and rats over 180 g were used. The rats were specific pathogen free at the time of purchase. When pneumonia developed, Proteus and Pseudomonas spp. were grown from the lungs.
The device described has proved to be particularly useful in maintaining cannula integrity, and the well-being of the animals and portability of the experimental apparatus.
Meticulous attention to detail is important, since a weak-link in cannula protection is soon detected and destroyed by an alert rat.
